A preliminary
report was announced at the 74th (1969) Annual Session of the Japanese Association of Anatomists in Matsumoto.
Preface
The pattern of the arterial system of the human spinal cord was published by Adamkiewicz (1881 Adamkiewicz ( , 1882 and Kadyi (1886 Kadyi ( , 1889 , then Suh and Alexander (1939) and Hellen and Alexander (1939) added some clinical findings to the anatomical bibliography.
Also Ztilch (1953, '54, '61 , '62), Bartsch (1954, '61 , '63), Gillilan (1958) , Jellinger (1964, '66) and Lazorthes et al. (1958, '66 , '71) contributed considerably to the physiopathological knowledge of the human spinal cord. Hofmann (1900) and Sterzi (1904) published well-known papers on the comparative anatomy and embryology of the spinal cord. Woollam and Millen (1955) reported that the arterial distribution in the spinal cord of the rat was similar to that in man.
In an effort to obtain additional knowledges on the arterial system of the rat, the author has carried out a series of experiments applying acryl plastic and a new injecting technique of India ink plus acryl plastic which was developed by the author.
Materials and Methods
In this study 80 adult rats (each C. 250 gm.) were used. Of these 20 were injected with acryl plastic according to the method of Taniguchi, Ohta and Tajiri (1952, '55) through the ascending aorta in order to obtain corrosion specimens, and the remaining 60 animals were subjected to the combined injection of India ink and acryl employing the new technique.
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Once the rats were bled to death, they were irrigated with Tyrode's solution at 37°C under a pressure of 80 mmHg. through Cr cannulated ascending aorta with the right ventricle incised. Then the animals were perfused with India ink to which 10% gelatin was added. This mixture was heated to 37°C and injected under a pressure of 80 mmHg. to approximately 9% by weight of the animal ; followed by the injection of the red colored acryl plastic to about 2% by weight under the same pressure. Subsequently, the ascending aorta and the right ventricle were ligated and the animal was immersed into 10% cold formalin for fixation.
This new injection technique offered some valuable advantages over other techniques since it was free of technical difficulties and with the India ink being injected first, then followed by the injection of the red acryl plastic pushing the India ink into the venous system leaving the plastic in the arterial system, thus eliminating any mixing of the two injected materials. By this method all blood vessels throughout the spinal cord were completely filled.
For in situ observations of the distributing arteries to the spinal cord, the anatomical dissections were done as follows :--First, the dorsal soft tissue was removed along with the dorsal vertebral arch, then the dura mater of the cord was excised to expose both dorsal surface of the cord and posterior nerve roots. The appearance of the dorsal surface of the spinal cord and the posterior roots was photographed. The photographs were compared stereomicroscopically with the specimens. Secondly, to observe blood vessels on the anterior surface of the spinal cord in the same technique, the nerve roots and the radical arteries were removed from the intervertebral foramina under the binocular magnifier so that the spinal cord could be removed. Then, to observe the arterial branches entering the spinal cord, a longitudinal cut was made along the anterior median fissure. Details of this observation were aided by clearing the specimens with glycerin since the nerve roots covered some of the arterial branches. However, the corrosion specimens were three-dimensionally observed to survey the pattern of the blood vessels.
For the observation of the intrinsic blood vessels of the spinal cord, the injected spinal cords were embedded in celloidin and cut in various directions. The sections were stained with hematoxylin-eosin or cresyl violet.
Observations
The arterial-sources of the spinal cord are the anterior and posterior radical arteries, which reach the surface of the cord directly, the anterior and posterior spinal arteries and the posterior spinal arterial network in the pia mater of the cord. From these arteries and the network, the central and peripheral arteries originate as intrinsic vessels, also the rootlet branches to supply the fila radicularia.
1. The radical arteries.
In general, the spinal branch gives rise to the spinal ganglion branch, the spinal meningeal branch and the radical artery, immediately lateral to the intervertebral foramen. Then, the radical artery penetrates the dura mater ventral or ventrocranial to the ganglion and subdivides into the anterior and posterior radical arteries.
Rarely both arteries arise independently from the spinal branch just before penetrating the dura mater.
(1) The anterior radical artery :-This artery runs superomedially along the ventral side of the anterior nerve root up to the anterior lateral sulcus of the spinal cord, and connects with the anterior spinal artery in a lambda-shaped. anastomosis (Figs. 8, 9 ). However, the artery sometimes bends medially at the sulcus and connects with the anterior spinal artery in a T-shaped anastomosis (Figs. 6, 7, 16) .
For the whole spinal cord the number of the anterior radical arteries is shown in Table 1 ; the distribution of the arteries in Fig. 1 ; and the variation of the diameter of the arteries in Fig. 2 , respectively, in which especially the diameter of the A. radicis magna (Kadyi, 1886 , '89) below Th XI is indicated by thick lines . Table 1 . Number of the anterior radical arteries. a) In the cervical region ; The anterior radical artery at the level of C I is not seen in all cases surveyed.
The frequency of the appearance of this artery is lowest at C II and C VIII, and highest at C VI. The anterior radical arteries are usually observed at C V-VII, without any differences between the right and left sides (Fig. 1) . The diameter of these arteries is thinnest at C II, becoming thicker caudally (thickest at C VI), then thinner again (Fig. 2) . b) In the thoracic region ; The frequency of the appearance of this artery is lowest at Th I and highest at Th III, XII and XIII. Such a high frequency in the caudal part of this region is caused by the entrance of the A. radicis magna (Table 2 and Fig. 1 ). In the case in which only one anterior radical artery is observed, this vessel is actually the A. radicis magna at Th XIII (Fig. 15a ). In the case in which two anterior radical arteries are observed, one on each side or two on one side, one is the radicis magna which supplies the caudal part of this region, the other is the anterior radical artery which supplies one or two segments cranial to the radicis magna or even up to Th III.
In the anterior radical arteries on both sides there are no differences in the frequency of their appearance at Th I-III and Th VII-X, but they appear a little higher on the left side of Th IV-VI, also higher on the right side of Th XI-XIII (Fig. 2) .
In all the cases observed the A. radicis magna (178-288p, M. 229tt in diameter) is seen at the level of Th X-L IV (Table 2 ). This vessel is separate for one or two segments caudal to the original anterior nerve root and makes a U curvature at the proximal end of the root. The blood of this vessel flows caudally into the anterior spinal artery at the lumbar enlargement (Figs. 9, 17, 32, 39). The frequency of the appearance of this artery on both sides is higher on the right side, as shown in Table 2 . In all the cases studied this vessel is usually single except in one case where it is double (Fig. 17) . * Including a case from corrosion specimens.
c) Caudal to the lumbar enlargement ; The artery, observed in 14 cases of 60 examples, is usually thin, about 40p in diameter at Th XIII-L III, these levels are caudal to the entrance of the radicis magna and the artery runs for a long distance along the anterior nerve root (Fig. 17) . No differences in the frequency of the appearance of this artery are observed between the right and left sides.
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Takao Tokioka (2) Posterior radical artery :-The artery runs through the ventral part of the intervertebral foramen, perforating the dura mater, and passes dorsally along cranial to the anterior nerve root or perforates the middle of the root continuing to the ventral side of the posterior root. This artery meanders along the posterior root, giving off small twigs to the root, up to the lateral side of the posterior lateral sulcus of the cord (Figs. 11-14, 18 , 42). The posterior radical arteries are observed more frequently in number than the anterior radical arteries.
As shown in Table 3 , there Table 3 . Number of the posterior radical arteries. is neither apparent difference in diameter (48-72p, M. 60p) of the artery in each segment nor apparent difference in the frequency of their appearance (Fig. 3) . a) In the cervical region ; Usually the arteries are 2-7 averaging 4 in number on one side (Table 3) , and the frequency of their appearance is low at C III, but in other segments there are no differences in the frequency (Fig. 3) . In one case both anterior and posterior radical arteries arise from the vertebral artery on one side in one segment (Fig. 19) .
b) In the thoracic region ; The arteries are 6-13 averaging 10 in number on one side as shown in Table 3 . In one case one artery is observed in every segment. The appearance of the frequency of the artery is high at Th III, VII-IX and XII, but low at Th I. At Th IV-VI the artery is larger in number on the left side than on the right side (Fig. 3) . Usually the artery is seen between the posterior nerve roots on the lateral surface of the cord because it obliquely meanders superodorsally along either ventral or cranial to the roots (Fig. 18) . c) Caudal to the lumbar enlargement ; The number of the arteries decreases caudally, 0-3 on one side (Table 3) . Large arteries like the A. radicis magna are not seen. The posterior radical arteries pass superodorsally along ventral to the posterior nerve roots (Fig. 14) which are covered with them completely, and are accompanied with the same named vein in most cases.
The anterior spinal artery.
The vertebral arteries, 240-410p, M. 323p in diameter of both sides, pass medially along the superior margin of the anterior nerve root of CI and turn superomedially at the anterior lateral sulcus of the cord ; finally they join each other in the median line in the shape of an inverted Y to form the basilar artery (Fig. 6 ). The anterior spinal artery, 12-192p, M. 110p in diameter, arises from the medial wall of the vertebral artery at the curvature, medial or distal to the origin of the posterior inferior cerebellar artery, and runs inferomedially to make a Y-shaped connection with the artery of the opposite side at the orifice of the anterior median fissure (Figs. 6, 7, 15) . At this location a diamond-shaped arterial pattern is formed by the vertebral arteries from both sides and the anterior spinal arteries which descend along the fissure (Fig. 6) . The caudal end of the diamond-shaped pattern is situated at C I-II in 59 cases of 60 examples : At the middle of the anterior nerve root of C I in 17 cases ; between C I and C II in 13 cases ; at the caudal end of the anterior nerve root at the level of C I in 11 cases ; at the cranial end of the same nerve root in the other 11 cases and at the middle of the anterior nerve root of C II in 7 cases. In the remaining one case (Fig. 15b ) the connection of the anterior spinal arteries of both sides is situated at C VII, and the artery on the right side, about 168p in diameter, much thicker than the left one which is about 98p, is located closer to the orifice of the anterior median fissure. In addition, at C VI the anterior radical artery of each side joins the anterior spinal artery on the respective side (Fig. 6 ). The diameters of the anterior spinal arteries on both sides which form the caudal part of the diamond-shaped pattern are shown as follows : The artery on the right side is thicker than that of the left in 23 cases of 60 examples, in 2 cases of these cases there are double vessels on the right side, in 2 other cases of these cases there is one artery on the right side unilaterally (Fig. 20) ; the vessels are the same diameter in 20 cases with 2 of these having double vessels on one side, and thicker on the left side in 17 cases with 2 cases having double vessels on the left side and with one case having a unilateral vessel on the left side. The anterior spinal artery is observed continuously up to the first coccygeal vertebra in all cases along the orifice of the anterior median fissure, more ventral to the vein of the. same name. This artery shows large individual differences in diameter either throughout the whole spinal cord or along parts of the cord. But the diameter of the arteries of one individual is usually the same as the average variation in all cases observed as shown in Fig. 4 . Along the anterior spinal artery the so-called "island" (Fig. 6 ) is formed at the cervical region in 22 cases of 60 examples and at the lumbar enlargement in one case. The island is observed at one place only in one individual of 21 cases and at two separate places in 2 cases. The island is seen at the levels of both C III and C VI in most cases as mentioned above. The craniocaudal length of all 25 islands observed is as follows : Within 1-2 segments in 15 cases, 2-3 segments in 4 cases, 3-4 segments in 4 cases, 4-5 segments in one case and for the full length of the lumbar enlargement in one case (Fig. 23) . In 13 cases of the 25 examples the islands appear as a square pattern because both lateral corners are pulled by the anterior radical artery on each side, respectively (Figs. 6, 21 ). In 9 cases the islands appear as a triangle because the anterior radical artery on one side connects with the anterior spinal artery (Fig. 22) . However, the islands in the lumbar enlargement appear in an elongated pattern because the anterior radical artery on one side connects with one of the bilateral anterior spinal arteries.
In the 13 and the 9 cases mentioned above, the central arteries arise from the vessel of the island which is nearest the anterior median fissure. When an island joins another island adjacent to it, the anterior spinal arteries of both sides with the diameter of 48-168g, M. 108p, communicate with each other so that the diameter of the anterior spinal artery is influenced at both cranial and caudal sides of this communication.
In the remaining 3 cases mentioned above, double anterior spinal arteries are observed from C III to C V, having the diameter of about 48p and 70p, respectively, also from C III to C IV with the diameter of both about 96p and there are no anastomoses with the anterior radical artery. Suh and Alexander (1939) reported that at any given level where the truncus arteriosus anterior (anterior spinal artery) is relatively narrow and being halfway between two adjoining radicular arteries (anterior radical arteries), which are equidistant from the small truncus arteriosus, the area between these two adjoining radicular arteries acts as a watershed to supply this region.
In the present study the author observes the various areas of the watersheds, the levels at which they occur on the cord and the frequency of the appearance of the watersheds as shown in Table 4 . The correlation of the distance between two adjacent anterior radical arteries and the location of the Suh and Alexander's "Watersheds" at various levels are shown in Fig. 5 . a) In the cervical region ; At the location where the anterior radical artery anastomoses in a T-shaped connection with the anterior spinal artery, this shape is due to the pulling of the spinal artery by the radical artery and the * Distances between the watershed and the adjacent anterior radical arteries at cranial levels of the entrance of the A. radicis magna. • former is bent laterally (Figs. 6, 7, 16 ). The diameter variations of the anterior spinal artery are seen throughout the entire spinal cord as follows : At the origin where the arteries from both sides join, the artery is thick (98-216p, M. 109p) and becomes gradually thinner (48-168p, M. 92p) at C then suddenly thicker, thickest at C VI-VII, and once again becomes thinner (Fig. 4) . In this region at the point where the anterior spinal artery connects with the caudalmost anterior radical artery, the anterior spinal artery increases its diameter caudally.
In three cases the anterior spinal artery is considerably thinner (C. 48p) in some parts of the cervical region. In two of these three cases the artery joins one of the anterior radical arteries at C IV, V and VI, respectively, and the anterior spinal artery becomes thinner (C. 48p) between these segments (Fig. 16 ). In the remaining one case the anterior spinal artery joins the anterior radical artery at C III, IV, V and VI, respectively, and is constricted to about 48p at cranial to the connection at C V (Fig. 22) . In such cases the large variation in the diameters of the anterior spinal artery is seen at other levels as well as at the connections.
In the other 10 cases no anterior radical artery is seen at C I-V, but the anterior spinal artery increases in diameter (C. 98p) at its origin and decreases to about 72p in the middle of the before-mentioned levels. The frequency of the appearance of the "watersheds"
is the highest at C I -IV, but distances between the adjoining anterior radical arteries are narrow, 2-5 segments, and the frequency is lowest from C V-VIII with a narrower distance, 2-3 segments, between the radical arteries.
In 3 cases the watershed at C VIII covers four segments.
In the remaining cases the distance of the watershed is only 2 segments (Table 4 and Fig. 5 ).
b) In the thoracic region ; The anterior spinal artery appears to follow a meandering course inferiorly to the cranial end of the lumbar enlargement where the A. radicis magna joins it. However, in 5 cases acute undulations (two or three times within one segment) are seen from C VIII-Th IV as well as Th VII-VIII.
The artery communicates with the anterior radical artery in the shape of a lambda because the radical artery runs along the cord demonstrating a caudal pathway (Fig. 8) . The diameter of the anterior spinal artery becomes smaller from C VIII caudally, thinnest at Th IX-X, and finally becomes thicker one or two segments cranial to the anastomosis with the A. radicis magna (Figs. 4, 9 ).
In this region there is a wide distance between the adjacent anterior radical arteries,.although the diameter of the anterior spinal artery does not become thinner.
At the anastomosis with the anterior radical artery the diameter of the anterior -spinal artery increases caudally in the cranial portion, also increases both cranially and caudally in the middle portion and increases either cranially or caudally in the caudal portion of this region in most cases studied . In 2 cases the anterior spinal artery, about 144p in diameter at Th I, does not connect with the anterior radical artery for about 14 segments (i.e., for part of the cervical region and the whole thoracic region except the segments supplying by the A. radicis magna) . The diameter of the anterior spinal artery decreases about 120p near Th VIII. In the other two cases, the anterior radical arteries, eight in number, are observed having the diameter of '72-96p through the entire thoracic region, but the anterior spinal artery is constricted to about 48p in diameter.
The frequency of the appearance of the watershed is high in the cranial part of this region (Th I-IV), and low at Th although the distance between two adjacent anterior radical arteries is wide. The frequency at Th I and IX is high, but the distance is narrow (Table 4 and Fig. 5 ). In other words, when the anterior radical arteries do not supply the cranial and middle portions of this region, the distance between two adjacent anterior radical arteries is widest (10 to 14 segments) and the watersheds are observed at Th When the anterior radical arteries supply the middle of this region, the arterial distance is narrower (6 to 10 segments) and the watersheds seem to move cranially.
When the anterior radical arteries supply the cranial and middle parts of this region, the arterial distance is also narrower (2 to 6 segments) and the watersheds shift up to Th I-III.
At the caudal part of this region (Th IX-XIII), the frequency of the appearance of the watersheds becomes lower due to the entrance of the A. radicis magna and the distance between two adjacent anterior radical arteries is narrower.
Scanning the watersheds over the entire external spinal cord, the distance between two adjoining anterior radical arteries is longest (about eight segments) when a watershed is seen at Th IV ( After perforating the dura mater, the vertebral artery curves from the lateral surface to the ventral surface of the spinal cord, giving off the posterior spinal artery from the medial wall of this curvature.
The artery passes dorsocaudally between the spinal root of the accessory nerve and the spinal cord and runs caudally on the dorsal side of the root just lateral to the posterior lateral sulcus at C II. The posterior spinal artery descends between the posterior nerve root and the lateral surface of the cord in each side (Figs, (11) (12) (13) (14) 24) .
In 30 cases of 120 examples the artery is interrupted along the entire spinal cord. Such interruptions are observed one to five in number in one individual of these 30 cases, especially more often at the cervical enlargement, Th III-V and Th VII-IX, respectively (Table 5 The posterior radical artery before reaching the posterior lateral sulcus of the cord communicates with the posterior spinal artery in the shape of a lambda ( Fig. 14) . At this point the posterior spinal artery is 36-80p, M. 59p in diameter. In the caudal area, instead of the posterior spinal artery, one on each side or one on a single side, arterial branches, about 48p in diameter, arising from the anterior spinal artery laterally, run across the anterior lateral sulcus and divide into cranial and caudal branches to form the posterior spinal artery (Figs. 10, 40). These branches correspond to the Rr. cruciantes as described by Adamkiewicz (1881 Adamkiewicz ( , 1882 and to the Rr. anastomotici arcuati of Kadyi. But the cranial portion of these branches from the anterior spinal artery does not anastomose with the posterior spinal artery at any point. At the filum terminals no posterior spinal artery and no branches from the anterior spinal artery are observed.
The central arteries.
These arteries, being 194-311 averaging 254 in number, ranging 20-110p, M. 51p in diameter, which are the main intrinsic arterial supply of the cord, are observed throughout the entire cord. They arise from the dorsal or medial wall of the anterior spinal artery and run dorsally into the anterior median fissure. Sometimes they arise from a short common trunk, 0.2-0.5 mm., M. 0.38 mm. in length, having the diameter of 44-116p, M. 66p (Fig. 26) . In general, these arteries do not supply both sides within the spinal cord at the cervical and thoracic regions and the lumbar enlargement.
However, in one individual, the central arteries originate from very short common trunks about 0.1-0.3 mm. in length, numbering one to five, and the arteries run into the anterior one-third of the anterior median fissure where they spread into both sides of the cord (Fig. 33 ). Usually there are many central arteries that supply both sides of the conus medullaris.
The central arteries may be classified into two types ( enter the cord at the deepest point of the anterior median fissure, bending laterally through the dorsal portion of the anterior funiculus, finally entering into the , gray matter after passing through the ventral white commissure.
By arborization they supply the anterior and the lateral columns and the anterior part of the posterior column and the white matter surrounding these columns. In these areas they spread out on the surface perpendicular to the longitudinal axis of the cord and, simultaneously, on the longitudinal surface in the gray matter, but do not form anastomoses between the adjoining central arteries.
The central arteries in Type II (40-57,u, M. 52p in diameter) turn laterally at the bottom of the anterior median fissure and course anteriorly penetrating between the anterior funiculus and the anterior white commissire.
They supply the anterior and the lateral columns and the white matter surrounding these columns (Fig. 31) . In the cervical region and the lumbar enlargement where the central arteries of Type I supplying the anterior column are fine, the arteries of Type II supplement the territory of the Type I arteries. The central artery supplying the right side does not alternate with the one supplying the left side. Especially, the fine central arteries, 20-38p, M. 25p in diameter, curve laterally before reaching the bottom of the anterior median fissure, supplying the anterior funiculus chiefly and also giving off small twigs to the anterior column (Figs. 26,  28 ). a) In the cervical region ; At the cranial part of this region the central arteries, 40-98p, M. 69p in diameter, are observed to be 21-33 averaging 27 in number.
In the caudal part of this region they are 25-49 averaging 30 in number. One-third of all of these arteries arise through a short common trunk, 52-98p, M. 7112 in diameter.
In an island of the anterior spinal artery they arise from the channel which is situated close to the anterior median fissure. In one case where two anterior spinal arteries run adjacent to each other at C VII, the central arteries arise from the right anterior spinal artery at C III-V and from the left spinal artery at C VI-VII.
In addition, a branch arising from the right anterior spinal artery courses cranially and passes along the orifice of the anterior median fissure, then gives rise to the central arteries to cranial segments of C III. The superiormost central artery, supplying the medulla oblongata, curves cranially from the superior end of the anterior spinal artery passing around the decussation of the pyramids, finally entering the median fissure (Fig. 28) . The central arteries in the cranial part of this region pass dorsally from the dorsal wall of the anterior spinal artery, but those in the caudal part follow a caudal inclination of 80-85° against the anterior spinal artery (Fig. 25) . The intervals between the central arteries in this region are 0.1-0.7 mm. in length ; whereas the intervals between the arteries supplying the right and left sides of a single segment are 0.6-1.0 mm. in length in the cranial part of this region and 0.3-0.7 mm. in the caudal part. The arteries within the cord spread along a plane perpendicular to the longitudinal axis of the cord and, in addition, in the cervical enlargement run longitudinally just lateral to the central canal. The central arteries of Type II at the cervical enlargement supply the anterior column and part of the lateral column, overlapping the supply of Type I arteries due to the enlargement of the gray matter, but no communication is observed between the two types in the cord (Fig. 31 ). In the corrosion specimens the ramification of each _central artery appears like a series of bulbous arborizations (Fig. 34 ) within the nuclear beads in the anterior column. b) In the thoracic region ; In the cranial part of this region the central arteries, 25-71 ,u, M. 51p in diameter are observed 17-34 averaging 25 in number ; in the middle part 18-3.1 averaging 27 in number ; in the caudal part 28-59 averaging 39 in number. About one-eighth of them arise from a short common trunk, 43-71p, M. 56p in diameter. The arteries in the cranial part of this region demonstrate a caudal inclination of 50-60°, from the middle part caudally to Th IX the inclination decreases but they course straight dorsally at caudal to Th X (Fig. 25) (Figs. 27, 40 ). The central arteries usually supply only one side of the cord, but sometimes they actually supply both sides.
The arteries course in the longitudinal direction at the filum terminale.
Branches of about 24p from the central artery on the conus medullaris reach the pia mater at the posterior lateral sulcus and supply the posterior nerve roots (Fig. 27 ). (Figs. 6, 16, 37) . They supply the anterior funiculus and part of the anterior column on one side (Fig. 31) . The latter arising from the lateral wall of the anterior spinal artery penetrates at about a right angle into the cord supplying the anterior funiculus, but also supplies the anterior surface of the cord (Fig. 7) .
The anterior rootlet branches, approximately 12p in diameter, are very rarely seen in any one individual and at the most may be three in number. Arising from the anterior spinal artery or a thick peripheral artery, each of them meanders along with supplying the anterior nerve roots (Figs. 6, 7, 17) . b) In the thoracic region ; The peripheral arteries, 12-24p, M. 20p in diameter, arise from the anterior spinal artery or the origin of the central artery and arborize on the anterior surface of the cord for about half a segment. They supply part of the anterior funiculus, and sometimes the anterior half of the lateral funiculus beyond the anterior lateral sulcus. However, they never communicate with either an adjoining peripheral artery or those of the posterior spinal artery.
The arteries in the cranial and middle parts of this region are observed to be 2-4 in number and their diameters become larger caudally and at the caudal part of this region there are 6-9 in number of about 24p in diameter.
They arise alternating first to the right and then to the left one after the other (Figs. 8, 9, 38 ). The anterior rootlet branches are thin, about 12p in diameter, and arise from the peripheral artery (Figs. 8, 9, 38) . c) Caudal to the lumbar enlargement ; The arteries in the cranial part of the lumbar enlargement are similar to those in the middle of the thoracic region. However, at the caudal part of this region the arteries with varying diameters are seen. The peripheral arteries, 30-48p, M. 40p in diameter, arising from the lateral wall of the anterior spinal artery , pass laterally and penetrate at about a right angle into the cord near the anterior lateral sulcus. They supply the anterior funiculus and the anterior column (Figs. 27, 32) .
The peripheral arteries at S II and III of the conus medullaris appear different from those of the other regions.
One of the Rr. cruciantes, about 48p in diameter, on one side arises from the lateral wall of the anterior spinal artery and becomes a partial posterior spinal artery just before reaching the posterior nerve root as previously mentioned.
The ramus gives off 2-4 small twigs, about 10p in diameter, similar to the posterior spinal artery, and they penetrate into the cord lateral to the posterior lateral sulcus. They supply the posterior column and the surrounding white matter. Finally, the ramus turns as a posterior rootlet branch, about 36p in diameter, to supply the posterior nerve root (Fig. 40) . At S II or III and caudal to these levels, peripheral arteries, about 12p in diameter, are observed to be 3-5 in number and they penetrate into the cord on the anterior surface.
The anterior rootlet branches, about 15p in diameter, arising from the peripheral artery or the anterior spinal artery, being 4-6 in number on one side and 7-10 on both sides, supply the anterior nerve roots (Figs. 10, 17, 27, 39, 40 ).
6. The peripheral arteries and posterior rootlet branches of the posterior spinal artery. The peripheral arteries from the posterior spinal artery being thicker than those from the anterior spinal artery, are observed throughout the entire spinal cord. They penetrate into the cord both lateral and medial to the posterior lateral sulcus. They supply the posterior column and the surrounding white matter (Figs. 31, 35) . The arteries are more numerous at both cervical and lumbar enlargements where the gray matter is the largest. Fine peripheral arteries are not observed in all segments, except those arising from the lateral wall of the posterior spinal artery and supplying the white matter of the dorsal one half at the lateral surface of the cord. The posterior rootlet branches arising from the lateral wall of the posterior spinal artery immediately or via the peripheral artery of the posterior spinal artery in front of the posterior nerve root, run along the root caudolaterally or caudally and supply the root (Fig. 42) . a) In the cervical region The peripheral arteries are observed both as thick, 30-48p, M. 36p in diameter, and thin, 10-30p, M. 12p in diameter.
The thicker arteries are 8-11 averaging 10 in number especially at C I, C II and the cervical enlargement (Figs. 11, 43 ). Arising from the medial wall of the posterior spinal artery, they penetrate into the cord either lateral or medial to the posterior lateral sulcus and supply the posterior column and the surrounding white matter (Figs. 31, 35) . The thinner arteries, 12-19 averaging 16 in number, are observed to be 1 to 3 per segment. Arising from the medial wall of the posterior spinal artery or the thicker peripheral artery just mentioned, they penetrate into the cord supplying the posterior lateral tract and the surrounding white matter (Fig. 35) . Some of the thinner arteries, 3-5 in number, arising from the lateral wall of the posterior spinal artery, supply the white matter in the dorsal one half of the lateral surface of the cord. b) In the thoracic region ; The peripheral arteries are also observed both as thick, 13-24p, M. 15p in diameter, and thin, 9-12p, M. 11p in diameter.
The thicker ones are 10-16 averaging 14 in number, that is, about one per segment (Fig.  13 ). Arising from the medial wall of the posterior spinal artery, they penetrate into the cord either medial or lateral to the posterior lateral sulcus supplying the posterior column and the surrounding white matter.
The thinner ones are 9-13 averaging 12 in number, but more numerous in the area where the posterior spinal arterial network is not well-developed.
The arteries, 2-5 averaging 3 in number, arise from the lateral wall of the posterior spinal artery, supply the white matter of the dorsal one half on the lateral surface of the cord, without anastomosing with the peripheral arteries of the anterior spinal artery (Fig. 41) . c) Caudal to the lumbar enlargement ; The peripheral arteries are also observed both as thick, 30-60p, M. 48p in diameter, and thin, 9-16 ,u, M. 12,u in diameter.
The thicker ones, 8-12 averaging 9 in number, are especially larger at Th XII-L I with the thickest one being about 50p in diameter (Fig . 14) . Arising from the medial wall of the posterior spinal artery , they penetrate into the cord just lateral to the posterior lateral sulcus and supply the posterior column and the surrounding white matter. The thinner ones, 4-6 averaging 5 in number, are observed at cranial to L III . Arising from the medial wall of the posterior spinal artery and passing medially, they supply the posterior lateral tract and the surrounding white matter . However, there are no peripheral arteries arising from the lateral wall of the posterior spinal artery .
At L III-S III the peripheral arteries , 3-5 in number, arise from the posterior spinal artery and supply the posterior column and the surrounding white matter . Caudal to S III no peripheral artery is observed from the posterior spinal artery.
Instead, arteries having the same characteristics are observed arising from the Rr. cruciantes . The central arteries in this region ramify within the cord and small twigs from them come up to the pia mater, passing through the posterior column and supplying the posterior nerve roots (Fig. 27 ). gives off two small branches as the artery passes anterior to the spinal root of the accessory nerve.
These branches form an arterial network on the dorsal surface of the caudal one half of the medulla oblongata in conjunction with the spinal artery on the opposite side and follow a tortuous course on the medulla. From the medulla oblongata down to Th I this arterial network receives 7 or 8 small branches from the posterior spinal arteries. These small branches extend to a branch running in a craniocaudal direction at the medial side of the posterior lateral sulcus at the cervical enlargement or sometimes pass obliquely across the posterior median sulcus to anastomose with the branch from the opposite side either one to three segments cranial or caudal to this point (Fig. 11) . At the cranial end of the spinal cord, that is, below the medulla oblongata where the posterior spinal artery passes across the posterior nerve root of C II, a branch is given off (Fig. 24) . This branch anastomoses with the branch from the opposite side on the dorsal surface of the cord and forms a branch running craniocaudally along the posterior median sulcus.
The cranial portion of this branch becomes connected with the arterial network of the medulla and the caudal portion descends in a meandering fashion down to C IV (Fig. 11) .
In general, areas where the posterior spinal artery is not continuous, such arterial branches from the arterial network along the medial side of the posterior lateral sulcus are well-developed (Fig. 13). b) In the thoracic region ; The arterial network is formed by 10-16 small branches arising from the posterior spinal arteries of both sides. These small branches are given off caudally, an.astomosing between the posterior spinal artery and the posterior radical artery of the respective level, and divide into both cranial and caudal parts at the medial side of the posterior lateral sulcus, perforating the posterior nerve rootlet. Finally, the branches form an arterial network which continues from the network of the cervical region. The network is well-developed at Th VIII-XI, but not at Th XII-L I (Figs. 12, 13 ). c) Caudal to the lumbar enlargement ; Caudal to L I no arterial network is observed.
Discussion
Many scholars have reported their studies of the arterial distribution of the spinal cord in man, monkey, cat and rabbit.
As has been mentioned in the observations, the author will discuss each major unit separately.
The anterior radical artery.
Kadyi (1886, 1889) described the radical arteries as the Aa. nervomedullares, which have been divided into the anterior and posterior radical arteries, as has been mentioned previously in this paper. In the rat both arteries arose directly from the vertebral artery within one segment from each side. This feature corresponded to that of the anterior and posterior spinal arteries which arose independently from the vertebral artery at the cranialmost portion of the cord.
There appeared to be a large difference between individuals in the total number of the anterior radical arteries, especially in the thoracic region (Table 1) . Motonaga (1942) reported that the arteries were 17-45 in number in the rabbit and usually 7 in man, which had about 20% less than that observed in the rat. The large variation of the diameter was seen in the area where the frequency of the appearance of this artery was high, but low in the area where the variation was small (Figs. 1, 2) . The number of the anterior radical arteries was equivalent to that reported by Woollam and Millen (1955) . An anterior radical artery at C I was not observed by Kadyi and was seldom seen at C II because the anterior spinal artery arose directly from the vertebral artery.
However, the anterior radical artery was seen at the cervical enlargement in most cases, especially at C V-VII in all the specimens observed as Kadyi stated for man (Fig. 1) . Motonaga, in the rabbit, and Kadyi, in man, stated that the anterior radical artery in the cervical region appeared at almost the same frequency on both sides and the same observations were seen by the present author in the rat. Such a feature might occur since the anterior radical artery in the cervical region arose directly from the vertebral arteries on both sides. However, the diameter of the artery was one-tenth of that in man (Kadyi, Suh and Alexander, 1939) , and almost the same as in the monkey (C. 125 mm. in diameter) as stated by Sahs (1942) . The number of the anterior radical arteries in the thoracic region was a little larger in the present study than that (2 or 3 in number) reported in the rat by Woollam and Millen. The present finding that the frequency of the appearance of the artery was lower at Th I and II, and higher at Th III, was similar to the observations of Kadyi, Miyaji (1931) and Noeske (1958) in man. The fact that the anterior radical artery was considerably larger in number th the rat on the left side at Th IV-VI had already been suggested by Lazorthes et al. (1958, '66 , '71), who described the thoracic aorta as the main arterial source in man since the aorta was situated on the left of the median line (Fig. 1) .
In man and some other mammals many scholars have reported a fairly thick anterior radical artery which was usually seen near the lumbar enlargement.
Adamkiewicz (1881, 1882) named this artery "A . magna spinalis" and then Kadyi called it "A. radicalis magna".
Such a large artery was only observed among the anterior radical arteries, but not among the posterior radical arteries.
The term "A . radicis magna" has been used ever since and was usually seen at Th IX-L II in man. Woollam and Millen observed this artery at L II-IV in the rat, but the present author observed this artery at Th X-L IV, especially at Th XII in most cases (Table 2) . Such differences in these reports might be due to the lower level of the entrance of the A. radicis magna which made an acute curvature for one or two segments caudally on the anterior surface of the cord and since previous authors have studied this artery on the spinal cord after the cord had been removed from the rat's body and freed from the surrounding structures thereby changing the actual location of the artery.
Woollam and Millen and the present author in the rat and Motonaga in the rabbit stated that the artery was larger on the right side than that on the left side. Other authors, studying in man, obtained the opposite results, that is, the artery was usually larger on the left than on the right.
In most cases the A. radicis magna did not 'form a pair bilaterally, but in one case one bilateral pair was observed.
Caudal to the entrance of the A. radicis magna, slender anterior radical arteries were observed in some specimens. In this area the diameters of the anterior spinal arteries suddenly increased so that these slender arteries may not be the main arterial supply to the cord.
The posterior radical artery.
In the total number of the posterior radical arteries there was not a large difference among individuals, as compared with the number of the anterior radical arteries.
The total number of the posterior radical arteries from the posterior spinal arteries on both sides was three times that of the anterior radical arteries.
However, the number of the posterior radical arteries on one side was about one and a half times that of the anterior radical arteries because the former supplied the posterior spinal arteries on both sides. The number of these arteries in man as reported by many scholars was smaller than that in the rat as reported in this study.
Kadyi reported that the number of the posterior radical arteries on one side in man was similar to that of the anterior radical arteries, but Adamkiewicz reported each posterior radical artery was attached to each posterior nerve root. The number of these arteries was double that of the rat in the monkey (Yoss 1950 ) and two-thirds that of the rat in the rabbit (Motonaga) .
Usually the posterior radical artery was slender and followed a very meandering course as compared with the anterior radical artery.
The number of these arteries in the cervical region of the rat was two times that of the same arteries in man (Kadyi, Miyaji, Gillilan 1958 and Jellinger 1964, '66) .
The frequency of the appearance of this artery in the rat was usually the same throughout the entire cord except caudal to C III as shown in Fig. 3 . In The thoracic region the number of these arteries was larger, about twice of that in man (Kadyi, Miyaji, Kato 1967 and Jellinger) , but there were no differences in the frequency of the appearance of this artery within this region to that in man, lowest at Th I, in Fig. 3 .
Lazorthes et al. and Jellinger described the A. radicis posterior magna as an indistinct vessel among the posterior radical arteries, but Kadyi, Gillilan and Bolton (1939) denied that such a vessel existed in man and the present author could not recognize such a special vessel among the posterior radical arteries of the rat.
The anterior spinal artery.
This vessel was observed as an anastomotic channel and was formed by the anterior radical arteries in some regions and by the vertebral arteries from which the anterior spinal arteries originated on both sides and was the main blood supply to the spinal cord. The present author observed that the anterior spinal artery arose from only one of the vertebral arteries in some specimens at the cranial end of the cord which was reported by Miyaji as type 7 in his classification.
The author could not observe a single case where the anterior spinal artery was missing from the vertebral arteries of both sides, such a case was reported in man by Spiller (1908) . The anterior spinal arteries of both sides joined each other at CI-II, but Chakravorty (1971) described the arteries joining caudally at CV-VI in man ; however, in only one case in the rat did the arteries join at C VII.
The so-called islands were recognized in man being most frequent in number in the cervical regions as have been reported by many scholars.
The same results were obtained in the rat. Kadyi and Miyaji stated that three to five islands were observed at C III-VI in man and only one or two islands were seen at C in the rat. Motonaga reported that the islands were seen in the thoracic and lumbar regions in the rabbit and Miyaji and Kadyi observed them in the thoracic region of man. The author in a single corrosion specimen observed only one island in the lumbar region, but no islands in any specimens in the thoracic region.
The form of the islands was seen as a diamond pattern in man (Gillilan) by the original two anterior spinal arteries or sometimes even a triangular pattern was seen. The present author observed that the islands were formed in three cases without any anastomoses with the anterior radical arteries, as also was described by Kadyi and Noeske. As Sterzi (1904) reported the anterior spinal arteries were double along the median line in the embryological stage, later adhered to each other, and a remnant of the pair was often seen in the cervical region as an island.
The diameter of the anterior spinal artery showed a definite variation in each region in one specimen.
The variation of the diameter, which suddenly increased, was regularly seen caudal to the communication between the anterior spinal artery and the A. radicis magna, as was reported in man by Kadyi and Bolton (Fig. 4) . In this area the diameter of the anterior spinal artery was never influenced by the communication with the fine anterior radical artery, and the former was never pulled laterally by the radical artery.
Sub and Alexander, Bartsch (1954, '61, '63) and ZUlch (1953, '54, '61 , '62) described the so-called "Watershed" which supplied the area between two adjacent anterior radical arteries where the anterior spinal artery was thin. Sub and Alexander stated that the area of the watershed was in the mid-thoracic region, but Bartsch and Zillch stated that it was at Th III-IV.
In clinical reports Bartsch and Zillch stated that the watershed was an area where the blood supply was pathologically inadequate. Therefore, collateral vessels of the anterior spinal artery were formed and this area was called "funktionelle Endstrombereiche" by Bartsch.
Bartsch and Zillch stated that the watershed was formed between two adjoining anterior radical arteries, and also was the boundary zone of the functional hemodynamic area from the aorta and subclavian arteries, both of which supplied the anterior radical arteries.
Jellinger, in experimental studies of the anesthetized cat and rabbit, stated that the watershed was actually located between Th I-III. Furthermore, he suggested that such a watershed was a hemodynamically dangerous area in a pathological situation for the extravertebral blood supply. Although, the author emphasized that the extravertebral blood supply to the cord might be considered along with the intravertebral blood supply. From the present study, the author has made certain conclusions concerning the relationship between the anterior radical and the anterior spinal arteries. The watershed which was seen frequently at C III was not far from the blood supply of the vertebral artery through the anterior spinal and the anterior radical arteries, and therefore, the diameter of the anterior spinal artery was larger cranially.
This conclusion was shown clearly in Table 4 and Figs. 4, 5. The anterior radical artery was distributed to C V-VII in all specimens observed so that the cervical enlargement was able to obtain a considerable amount of blood from this vessel since it was increased in diameter in this area (Fig. 2, 4) . Judging from Fig. 4 , a small amount of blood which did not supply the cervical enlargement continued caudally in the anterior spinal artery to give a nutrition to the portion between C VIII-Th I where the frequency of the appearance of the anterior radical artery was seen to be low (Fig. 1) . When the blood distribution of the anterior radical artery was insufficient in the cranial and middle portions of the thoracic region, the watershed usually was seen at Th V-VIII, located more caudally than the area shown in the schematic illustration by Zilch.
Such a case was reported in the clinical specimens studied by Mannen (1963) . When the anterior radical arteries supplied the middle and caudal areas of the thoracic region, the watershed was recognized in the cranial part of this region and in such cases the distance between two adjacent anterior radical arteries was quite large at Th III-IV, as Ziilch also demonstrated in his schema.
When the entrance of the A. radicis magna was situated considerably lower and the anterior radical artery supplied one or two segments cranial to this entrance, the distance between these arteries was small and the anterior spinal artery was thin in diameter, so that the watershed was located considerably lower as mentioned by Zillch. When the anterior radical arteries were more numerous, the anterior spinal artery was constricted at both cranial and caudal sides of the connection with the anterior radical artery, but no intermissions of the anterior spinal artery were observed, as described in the cervical region of the rabbit by Motonaga and of man by Romanes (1963) . When the anterior radical arteries were few, the diameter of the anterior spinal artery did not change suddenly. It could be said that each anterior radical artery had a respective definite supplying zone and the functional balance of the blood stream was kept between two adjoining radical arteries. In other words, throughout the spinal cord, there was an anterior anastomotic chain which communicated with the adjoining arteries. Mannen stated that the anterior radical arteries supplied a definite area in the clinical cases suffering from injuries to the extraverfOral blood supply.
4. The posterior spinal artery. Motonaga stated that the cranialmost spinal artery originated from the vertebral artery before this artery penetrated the dura mater in the rabbit, but in man (Adamkiewicz, Kadyi and Miyaji) and the rat this artery originated after the vertebral artery had penetrated the dura mater. Adamkiewicz described this vessel as descending along the accessory nerve in man, but in the rat it descended along the lateral side of the posterior lateral sulcus of the cord after passing between the spinal root of the accessory nerve and the cord.
Motonaga, in the rabbit, and Adamkiewicz, Kadyi, Miyaji and Suh and Alexander, in man, stated that the posterior spinal artery was intermittent in the cervical and thoracic regions. However, the author could not see any intermissions in these arteries in the lumbar enlargement but could see intermissions in the cervical and thoracic regions. Along all the cranial segments down to S II,.the posterior spinal arteries were observed, but caudal to this area the Rr. cruciantes, as named by Adamkiewicz, acted as the posterior spinal artery. In addition, Adamkiewicz, Kadyi, Miyaji, Bolton, Roll (1958) and Noeske, all studying men stated that the rami anastomosed cranially with the original posterior spinal arteries, but the author observed that the rami did not communicate with the posterior spinal arteries. The posterior spinal arteries followed a straight course in the Cervical region, but meandered in the thoracic region.
Roll mentioned that the posterior spinal arteries communicated with many posterior radical arteries so that the blood stream between two adjoining posterior radical arteries was antagonistic to the flow in the posterior spinal arteries. Bolton stated that the watershed was located in the cranial part of the thoracic region because the posterior spinal artery was supplied from the vertebral artery caudally and with the Rr. cruciantes of the anterior spinal artery cranially. It has been the opinion of the author that the posterior spinal arteries formed the posterior spinal arterial network, but did not communicate with the Rr. cruciantes, so that no watershed was formed.
The central arteries.
First of all, Adamkiewicz named these vessels Aa. sulci which then were divided into Aa. sulco-commissurales to both sides at the deepest portion of the anterior median fissure. Kadyi said that one central artery usually supplied only one side of the cord. So far many scholars have confirmed his finding as the author also did in the rat. While Kadyi, Miyaji, Herren and Alexander (1939) and Suh and Alexander stated that some of the common trunks of the central arteries divided into two branches going to the right and left sides in the lumbar and sacral regions.
In the present study the author observed such branching in the segments caudal to the lumbar region, but relatively few in the thoracic region.
As Sterzi, Kadyi, Miyaji and Gillilan stated, even if the anterior spinal arteries united into one in the median line, some of the central arteries still did not supply both sides. From the results obtained in this study, the author could say that some of the central arteries also have anastomosed into one in the lumbar region.
In fact, from a common trunk of the central arteries, the branches supplied both sides in the anterior one half of the anterior median fissure as was reported in man by Miyaji. The present author also observed such a trunk in the anterior one-third of this fissure. Accordingly, the number of the central arteries was calculated in the deepest portion of this fissure.
This number plus the number for one segment was a little larger than those reported by Adamkiewicz, Kadyi, Miyaji and Lazorthes et al. in man and Motonaga in the rabbit, and also there was a larger variation among all the specimens examined.
The arising intervals and the thickness of the central arteries in the rat were similar to those reported by Sahs in the monkey . Usually these were fine central arteries, but in one individual the arteries were numerous.
Woollam and Millen, and Motonaga stated that the central artery supplied the right side of the cord while the other side was supplied by a vessel arising from the anterior spinal artery following the usual pattern of one after the other. Herren and Alexander stated that such a feature was also seen regularly in the cervical and thoracic regions.
However, the author did not observe such a regular development alternating of the-central arteries in the rat, and Kadyi has denied the previous report. Then, both Motonaga in the rabbit and Mada (1956) in the cat, stated that each central artery supplied one side and they formed a pair with the adjacent artery which supplied the other side, but in the rat the author did not observe such a pair except at Th III-VI. This may be the reason why the Type I of the central arteries supplied the area also supplied by Type II, where a large amount of gray matter was present ; therefore, the central arteries did not form pairs.
In the island of the anterior spinal artery, the central artery only originated from the proximal channel of the artery, as mentioned also in man by Miyaji. But the other channel communicated with the anterior radical artery in the shape of a lambda anci also gave rise to a central artery.
The auther did not see any accsesory anterior spinal artery as mentioned by Miyaji. Cranial to the joining of the anterior radical artery and the anterior spinal artery, the central arteries followed a dorsocranial course, but after these two arteries joined the central arteries followed a dorsocaudal course, thus midway between two anterior radical arteries the central arteries crossed each other as Motonaga stated for the rabbit.
In this study, the inclination of the central arteries of the rat observed in the cervical and thoracic regions was caused by the curvature of the vertebral column.
Herren and Alexander and also Miyaji stated that the central artery in man gave small twigs to the septomarginal white fibers at the anterior median fissure, but the author along with Sahs observed in the rat and the monkey, respectively, that these twigs arose directly from the anterior spinal artery.
The central arteries in man (Kadyi and Miyaji) , in the rabbit (Motonaga) and in the cat (Mada) entered the gray matter passing between the anterior funiculus and the anterior white commissure.
This artery in the rat corresponded to the Type II of the central artery, and the Type I of this artery entered directly penetrating the anterior white coinmissure, as already mentioned in the cat by Bradschaw (1958) .
Within the substance of the spinal cord, the central artery ramified on the surface perpendicular to the longitudinal axis of the cord in the cervical and lumbar regions, as mentioned by Miyaji in man and Motonaga in the rabbit, but in the thoracic and sacral regions these arteries spread longitudinally along the lateral side of the central canal. However, the author did not observe any anastomoses between the adjoining central arteries as described as the Canalis anastornosis logitudinalis vasorum sulcocommissura by Adamkiewicz or the paracentral artery in the paramedian vascular canal by Herren and Alexander. Up to the present the central artery has been reported to supply the anterior two-thirds of the cord. In this report, the central artery of the rat supplied almost the entire area of the gray matter and the surrounding white matter except for a small part of the posterior column. Also, the thickness of the central artery was influenced by the amount of the gray matter being supplied ; therefore, the Type I of this artery which did not give off any branches to the anterior column, was supplemented by the Type II of this artery. In the present study, the R. anterior could not be identified from the R. lateralis ; therefore, both rami should be the peripheral arteries. Admakiewicz called them Aa. radicum anteriores in man. In the cervical region and the area of the lumbar enlargement, the number of the peripheral arteries arising laterally from the anterior spinal artery was a little smaller than that of the thoracic region.
However, in the cervical region and the lumbar enlargerhent the diameter of these peripheral arteries was a little larger than that of these arteries in the thoracic region. In this region, some of these peripheral arteries crossed over the anterior lateral sulcus and were distributed to the lateral funiculus, but any anastomoses with adjacent peripheral arteries of the anterior spinal artery and the peripheral arteries of the posterior spinal artery were not seen, so that, in the rat the anterior lateral or the lateral spinal artery was not formed.
This represented a great difference in the finding on the arterial pattern between man and the rat. Adamkiewicz mentioned the Rr. cruciantes.
Kadyi, Miyaji, Roll and Lazorthes et al. also mentioned the R. anastomoticus arcuatus in man, but these last two rami were observed in the rat of the present observation only on one side without anastomosing with the posterior radicis magna is seen on each side, and the anterior radical artery becomes thinner caudal to the A. radicis magna. C. x 6. 5. The island of the anterior spinal artery is seen in the diamond pattern (-+). Fig. 22 . Ventral view of the cervical enlargement.
C. x 7. O. The island in the triangular pattern (.4-) . The anterior spinal artery is constricted (4. ) at cranial to the anastomosis with the anterior radical artery at CV. A pair of the central arteries which supply both sides divides into both cranial and caudal branches ( ) in the lateral side of the central canal, without anastomosing between them. 
